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Abstract- The performance in magnetic field (B-field) of the commercial DC-DC converter 
LTM8033, from Linear Technology, has been evaluated. The tests have been carried out at 
the Laboratorio Acceleratori e Superconduttività Applicata (LASA), in Milan (Italy), on 
December 2013 and the experimental results are here presented and discussed. Their ability to 
operate in hostile environment is particularly interesting for physics experiments where the 
presence of radiation and strong B field make electronic devices challenged to function . In 
particular, in this article the operation in high B-field environment will be investigated and 
discussed. 
  
Index Terms – Point of Load, Measurement, Efficiency evaluation, LHC, High-B tolerance, 
Reliability, Dependability, Hostile environment. 
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I. Introduction 
 
The Large Hadron Collider (LHC) is, nowadays, the world's largest and highest-energy 
particle operative accelerator, built by the European Council for Nuclear Research (CERN). 
Founded in 1954, the CERN laboratory sits aside the Franco-Swiss border near Geneva [1]. 
The LHC can be used in order to verify the predictions of different theories of particle physics 
with particular attention to prove the existence of the Higgs boson [2], [3], but also the large 
family of new particles predicted by super-symmetric theories. The aforementioned collider 
extends the frontiers of particle physics thanks to its high energy and luminosity [4] - [16]. It 
is important to underline that inside the collider high interaction rates, radiation doses, particle 
multiplicities and energies are extremes. All these challenges push the features of the 
electronic instrumentation and measurement equipment at new standards, which must be 
taken in account during the design phase. This is particularly true for the ATLAS (A Toroidal 
LHC ApparatuS) experiment [1], [4]. In fact, electronic converters employed in power 
supplies in this and other LHC experiments operate in hostile environment, due to the 
simultaneous presence of radiation and high static B-field, which imposes severe design 
constraints. Moreover, power supplies has to be quasi-adiabatic, due to the proximity of very 
sensitive detectors, and this requirement implies water cooling and very stringent thermal 
constraints [5]. Thermal management represents the key issue in designing these converters, 
and accurate thermal modeling is mandatory to maximize the RAMS performance 
(Reliability, Availability, Maintainability and Safety) [6]. This aspects have been developed 
during a research program denoted as Apollo, funded by INFN – Italy as described in the 
cited literature. These aspects will not be further discussed in the following. However, it 
would be noted that a correct thermal management of semiconductor devices is very 
important in order to gain high values of reliability indexes. Temperature is in fact an 
influence factor that, at certain values, lead to shorter lifetime of such devices. 
The Phase-2 upgrade of the LHC is planned in 2022 long shutdown (even if the schedule can 
change). Detectors will be upgraded or replaced, and the new ones will be installed to 
improve the performances and sustain the higher rates and background at the new design 
luminosity: 51034 cm-2s-1. The increase of radiation background will cause the accumulation 
of a Total Ionizing Dose (TID) up to 10 kGy in Silicon, and fluences up to 21013 
protons/cm2 and 81013 neutrons/cm2. Both the new scenario and the increased power demand 
of the detectors lead to a re-design of the power distribution system. 
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Many tests are necessary in order to verify whether a device can be used in this scenario. In 
this paper the robustness against B-field of a commercial device is described.  
The test has been performed at the LASA [8], which is a center for research and development 
in the fields of accelerators and superconductivity of the University of Milan and the Istituto 
Nazionale di Fisica Nucleare (INFN), devoted to the study and development of technologies 
for the design, the implementation and the test of particle accelerators. It also includes a radio-
chemical laboratory for the production of radionuclides for diagnostic and metabolic 
radiotherapy.  
The LASA offered also a decisive contribution to the development and industrial production 
of several superconducting components for projects like superconducting magnets (dipoles 
from 8 Tesla 15 meters long LHC accelerator and the Barrel toroid magnet of Atlas), and the 
superconducting RF cavities and cryo-modules for many applications, such as new radiation 
sources (European XFEL). In addition, the LASA has boosted activities for the transmutation 
of nuclear waste and the production of photocathodes for electron sources of high intensity. 
In section II a general introduction on Point of Load is given. Section III highlights the 
experimental setup used to test the commercial devices, whereas in Section IV experimental 
results will be shown. Section V is devoted to the discussion of the results. Finally in Section 
VI conclusion are drawn. 
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II. Points of Load for Physics experiments 
Points of Load (PoL) power supplies are devices that are able to solve the challenge of high 
peak currents demand with low noise [9]. These features are often required in modern 
electronic equipment, in particular in systems where high performance semiconductors are 
present. At this aim, the design strategy places the individual power supply regulators as close 
as possible to the point of use. 
PoL have been used for many years in different applications. In more recent years the 
introduction of both powerful microcontrollers and microprocessors required the regulation of 
low level voltage with high current capability. The typical approach with a single centralized 
traditional AC-DC conversion is not able to answer to these new requirements. This is due to 
the presence of connection with high resistivity such as wires, printed circuit board strips and 
connectors. Thus, the first solution to these new requirements has been found in the 
architecture drawn in Figure 1. 
 
 
Figure 1 – Traditional distributed power architecture (voltage from backplane ranges from 24 VDC to 280 VDC, 
the latter voltage value is used, for example, in the Liquid Argon (LAr) calorimeter of the ATLAS experiment at 
CERN). 
 
 
As both the number of devices and the complexity of the systems  increased, a new solution, 
based on the Intermediate Bus Architecture (IBA), has been proposed. The IBA architecture is 
depicted in Figure 2. 
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Figure 2 – Intermediate Bus Architecture.  
 
For example, the present layout of the ATLAS LAr calorimeter consists of 58 main isolated 
DC-DC converters (Main Converters) with seven different outputs (ranging from -7 V to +11 
V) followed by many distributed low drop-out (LDO) regulators (see Figure 3) [10]. 
 
 
Figure 3 – Present implementation of the ATLAS LAr calorimeter power supplies [10]. 
 
Each main converter supplies up to 36 front-end boards in a custom crate installed very close 
to it, as shown in Figure 4. 
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Figure 4 – Layout of the electronics and power supplies of the ATLAS LAr Barrel calorimeter. 
 
Power connections are realized by means of huge cross-section cables, about 1 meter long, 
making the voltage drop on them negligible. 
The use of LDO devices, as depicted in Figure 3, has the drawback of requiring specific input 
voltages to reduce as much as possible their power consumption, leading to a proliferation of 
the needed main converter outputs. For this reason we have considered a different system 
architecture, generating just one main converter output followed by many PoL converters with 
a high step-down ratio [11] - [24]. 
In the proposed architecture a single 12 VDC (suitable intermediate value) bus is considered, 
which is fed by an isolated DC-DC resonant converter with redundancy characteristic, the so 
called Main Converter (MC). 
The proposed redundancy is based on the functional configuration k out of n, represented by a 
system operative when at least k number of elements out of a total of n elements are 
functioning normally. The configuration is also called k-out-of-n redundancy with k ≤ n. For 
this configuration we can assume a structure in which k elements are in active redundancy and 
the remaining elements (n-k) are in stand-by. A typical example is a steel cable formed of n 
strands that can withstand the foreseen stress if at least k numbers of strands are intact. ). In 
fact, in the proposed configuration three 1.5 kW Main Converter modules work together in 
order to deliver a total power of 3 kW. The load is, in this way, shared and each module 
The actual Main 
Converter (MC) 
with multiple 
output 
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delivers 1 kW during safe operations. If a module fails the remaining two modules share the 
full load (in fact, each module is able to operate up to 1.5 kW).   
The DC bus is distributed to the electronic front-end and read-out boards, where non-isolated 
Point of Load (niPOL) converters are used to gain the necessary voltage level and regulation. 
This power distribution concept is illustrated in Figure 5. 
 
 
Figure 5 – Proposed power supply distribution system (niPOL = non-isolated Point of Load). 
 
It is important to emphasize that the choice of the 12 VDC bus voltage is just an example, 
other values could be selected as well. For example, a 48 VDC bus could be used to directly 
supply niPOL converters for load requiring few volts and another intermediate bus voltage 
(for example 12 VDC) could be generated locally to supply niPOL converters that need to 
provide very low output voltages (i.e. for voltages less than 2 V). 
 
III. The device under test (DUT) 
In the present paper, a commercial niPoL, LTM8033 by Linear Technology, has been verified 
under high B-field conditions [25]. At this aim an evaluation board (DC1623A), shown in 
Figure 8, has been used.  
The LTM8033® is an EMI-compatible 36V, 3A DC/DC μModule® buck converter. The 
device is designed in order to meet the radiated emissions requirements of the European 
EN55022 standard, but it should be noted that also conducted emission requirements can be 
met simply by adding a filter as declared by the manufacturer. A very interesting feature of 
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this device is that all components such as the switching controller, the power switches, the 
inductor and the filters are included in a single package. In this way, the design phase is 
simple and the routing operation is easier. The input voltage ranges from 3.6V to 36V, 
whereas the output voltage can be settled in a wide range: 0.8V to 24V. Finally, the switching 
frequency, ranging from 200 kHz to 2.4 MHz, can be set by selecting the value of a single 
resistor. Only the bulk input and output filter capacitors are needed in order to operate. The 
LTM8033® is packaged in a thermally enhanced, compact over-molded land grid array (LGA) 
as depicted in Figure 6. 
 
Figure 6 – The package photograph of the LTM8033® device (not to scale) [25]. 
 
In order to test the device operating in the best configuration the evaluation board DC1623A, 
developed by Linear Technology, has been used [25], [26]. It features the LTM8033®, and it 
is pre-configured for a 3.3V output from a 5.5V to 36V input [26]. 
The tests have been carried out on two evaluation boards, rotating their position in order to 
apply the B-field in different directions. The use of two different evaluation boards is useful 
to check the repeatability of the performance obtained in the planned condition by the devices 
(even if a test with only two devices cannot be used for statistic evaluation). 
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Figure 7 – The utilized evaluation board [26]. 
 
The schematic circuit of the evaluation board is reported in Figure 8. 
 
 
Figure 8 – The schematic circuit used for the test [26]. (The optional circuit of the Evaluation board is not 
used and it is not reported in figure [26]). 
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IV. The experimental setup 
The experimental setup is depicted in Figure 9 together with the magnet used for B-Field 
generation. This system presents a characteristic curve shown in Figure 10, from which the 
maximum usable B-field is about 1.2 T.  
 
 
Figure 9 – The experimental setup. 
 
Current (A) 
Figure 10 – B-field Vs Current of the utilized system. 
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The system used is based on a solenoid devoted to setup the magnetic field. So, the applied 
current  is about proportional to the induction obtained in the air gap where the boards are 
located during the test. The field value is, therefore, regulated by the current in the circuit 
according to the characteristic shown in Figure 10. 
The used equipment consisted of a power supply, a 4-channel oscilloscope, a magnetic field 
measurement meter (DTM-133, by the Group3 company) and a multimeter for output voltage 
measurement. 
 
 
Figure 11 – The used measuring instruments. 
 
Schematic of the simple test circuit is drawn in Figure 12. 
 
 
Figure 12 – The schematic circuit used during the test. 
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The output voltage of the two used evaluation boards has been fixed by the manufacturer to 
3.3V, in order to get the best performance, so we kept this default setting The input voltage of 
the evaluation board can vary from 3.6 V to 36 V. This is a very large range and the device 
can be used in many situations. This is particularly true in industrial application, even if this 
topic is not further discussed in this paper. 
The theory of operation of the tested device leads to consider that inside the input range fixed 
by the manufacturer its functionality is not particularly influenced by the input voltage. In the 
LHC experiments, higher is the input voltage and lower is the power consumption on cables 
connecting the primary AC/DC power supplies to the PoL, so its choice is mainly driven by 
the available AC/DC output voltages, which are 48 V and 24 V 
The operational conditions used for the test are reported in the following tables. 
 
Table I 
Channel Signal Connector Id 
CH1 Input E1 – E3 VIN 
CH2 Output E2 – E4 Vout 
 
Table II 
Parameter Description Value 
Vin Input Voltage 24 V 
Vout Output Voltage 3.3 V 
Load Ohmic Load 1.5  
Iout Output Current 2.2 A 
Pout Nominal Power 7.26 W 
 
The values of the input and output signals are reported in Table II. Input voltage is given by 
the experimental setup. Output voltage is, instead, fixed by the manufacturer of the evaluation 
board. Load is obtained by armored power resistors, and the value is the nominal one. The 
output current reported in Table II is evaluated using the nominal value:  
 
𝐼out =
𝑉out
𝑅load
=
3.3
1.5
= 2.2 A 
 
Finally, power is obtained once again starting by the nominal values: 
 
𝑃out = 𝑉out × 𝐼out = 3.3 × 2.2 = 7.26 W 
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The tests have been carried out with the applied B-field in three directions. The 
instrumentation was turned on for a time sufficient to ensure the absence of thermal drifts 
before starting the test [27]. Before starting the measurements, the zero adjustment of the 
magnetic field meter (defined as the adjustment of a measuring system so that it provides a 
null indication corresponding to a zero value of a quantity to be measured, VIM, ISO/IEC 
Guide 99:2007-12 and corrigendum) [27] was performed. 
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V. Experimental results 
In this Section the experimental test are reported. Three directions have been used: 
- Perpendicular, described in Section IV.a; 
- Horizontal from right, described in Section IV.b; 
- Horizontal from above, described in Section IV.c. 
 
a) B-field perpendicular 
B-field was applied to the evaluation boards as depicted in Figure 13. A part of the 
experimental set-up is visible in Figure 14. 
 
 
 
Figure 13 – B-field perpendicular to the plane of the sheet (entering). 
 
 
 
Figure 14 – Experimental set-up. 
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Results of the experimental measurements are reported in the following Table III (for sake of 
simplicity only output voltage and efficiency are reported; current and ripple are not shown in 
the following tables. Measured current is, however, drawn in the following plots). 
 
Table III – Results for B-field perpendicular. 
Id 
Magnetic Field 
(Gauss) 
Evaluation board 1 (upper) Evaluation board 2 (lower) 
Vout 
(V) 
Efficency 
(0-1) 
Vout 
(V) 
Efficency 
(0-1) 
1 0 3.332 0.857 3.338 0.837 
2 845 3.332 0.857 3.338 0.837 
3 1700 3.332 0.857 3.338 0.837 
4 2560 3.332 0.857 3.338 0.837 
5 3473 3.332 0.834 3.338 0.814 
6 4345 3.332 0.834 3.338 0.814 
7 4696 3.332 0.834 3.338 0.814 
8 5218 3.332 0.812 3.338 0.794 
9 6090 3.331 0.790 3.338 0.774 
10 6886 3.331 0.752 3.338 0.737 
11 7738 3.331 0.734 3.338 0.720 
12 8570 3.332 0.717 3.338 0.703 
13 9350 3.330 0.700 3.337 0.687 
14 10070 3.330 0.700 3.337 0.687 
15 6908 3.331 0.734 3.338 0.737 
16 3446 3.332 0.834 3.339 0.837 
17 862 3.332 0.857 3.339 0.837 
18 10 3.332 0.857 3.339 0.837 
 
 
Two different indexes have been considered as interesting for this type of test: the input 
current and the efficiency. These two indexes are drawn in Figure 15 and in Figure 16 
respectively. 
The input current tends to increase with the magnetic field. Similarly, the efficiency of the 
device tends to decrease, of less than 18 % in the worst case, with the increase of the B-field. 
Finally, the device is able to operate in all the tested conditions.  
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Figure 15 – Input Current (A) (Only the dashed part of the table is reported) 
 
 
Figure 16 – Efficiency (Only the dashed part of the table is reported). 
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b) B-field horizontal from right 
B-field is applied to the evaluation board as depicted in Figure 17, and the setup is shown in 
Figure 18. 
 
 
 
Figure 17 – B-field parallel to the plane of the sheet from right (where V02 is placed). 
 
 
 
Figure 18 – Experimental Setup. 
 
Results of the experimental measurements for this direction of field are reported in the 
following Table IV (even in this sub-section only output voltage and efficiency are reported; 
current and ripple are not shown in the following tables. However, measured current is has 
been plotted). 
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Table IV – Results for B-field horizontal from the right. 
 
Id 
Magnetic Field 
(Gauss) 
Evaluation board 1 (upper) Evaluation board 2 (lower) 
Vout 
(V) 
Efficency 
(0-1) 
Vout 
(V) 
Efficency 
(0-1) 
1 10 3.330 0.856 3.337 0.859 
2 800 3.330 0.856 3.337 0.859 
3 1606 3.331 0.856 3.337 0.859 
4 2420 3.331 0.856 3.337 0.836 
5 3232 3.330 0.833 3.337 0.836 
6 4058 3.331 0.811 3.337 0.814 
7 4384 3.331 0.811 3.337 0.793 
8 4876 3.331 0.790 3.337 0.793 
9 5696 3.331 0.790 3.337 0.773 
10 6514 3.331 0.771 3.337 0.773 
11 7328 3.331 0.752 3.337 0.754 
12 8118 3.331 0.752 3.337 0.754 
13 8860 3.331 0.752 3.337 0.736 
14 9546 3.331 0.734 3.337 0.736 
15 6524 3.331 0.771 3.338 0.755 
16 3232 3.331 0.833 3.338 0.814 
17 10 3.332 0.857 3.338 0.860 
 
 
Figure 19 – Input Current (A) (Only the dashed part of the table is reported) 
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Figure 20 – Efficiency (Only the dashed part of the table is reported) 
 
The input current tends to increase with the magnetic field. Similarly, the efficiency of the 
device tends to decrease, of about 14 % in the worst case, with the increase of the magnetic 
field. The device is able to operate in all the tested conditions. 
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c) Horizontal B-field, from above 
 
B-field is applied to the evaluation board as depicted in Figure 21, and the setup is shown in 
Figure 22. 
 
 
 
 
 
 
 
Figure 21 – B-field parallel to the plane of the sheet and entering from above. 
 
 
Figure 22 – Experimental Setup. 
 
Results of the experimental measurements for this direction of field are reported in Table V 
(again, only output voltage and efficiency are reported; current and ripple are not shown in the 
following tables. However, measured current has been plotted). 
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Table V – Results for B-field horizontal from above. 
 
Id 
Magnetic Field 
(Gauss) 
Evaluation board 1 (upper) Evaluation board 2 (lower) 
Vout 
(V) 
Efficency 
(0-1) 
Vout 
(V) 
Efficency 
(0-1) 
1 4 3.331 0.856 3.337 0.859 
2 784 3.331 0.856 3.337 0.859 
3 1556 3.331 0.856 3.337 0.859 
4 2326 3.331 0.833 3.337 0.836 
5 3104 3.331 0.811 3.337 0.814 
6 3884 3.331 0.790 3.337 0.793 
7 4660 3.331 0.790 3.337 0.773 
8 5434 3.331 0.771 3.337 0.773 
9 6204 3.331 0.752 3.338 0.755 
10 6970 3.331 0.752 3.338 0.755 
11 7714 3.332 0.734 3.338 0.737 
12 8416 3.332 0.734 3.337 0.736 
13 9062 3.332 0.734 3.337 0.719 
14 6208 3.331 0.752 3.338 0.755 
15 3092 3.331 0.811 3.337 0.814 
16 10 3.332 0.857 3.338 0.860 
 
 
 
 
Figure 23 – Input Current (A) 
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Figure 24 – Efficiency 
 
The input current tends to increase with the magnetic field. Similarly, the efficiency of the 
device tends to decrease, of about 16 % in the worst case, with the increase of the magnetic 
field. Again, the device is able to operate in all the tested conditions. 
 
VI. Discussion 
Some consideration are at this point mandatory: 
i) The interest in studying the behavior of electronic devices (mainly integrated circuits) in a 
hostile environment, such as the one of the ATLAS experiment at CERN, is well 
documented by many papers and technical notes, for example the ATLAS Policy for 
radiation tolerance [28]. There is a similar interest for the B-field inside the detector. 
Considering, for example, the New Small Wheel (NSW) upgrade project, the maximum 
value of B-Field has been simulated. The maximum value of B-field is evaluated as 0.6 T 
in proximity of the large sector edge at large radius. It is very interesting to note that 
uncertainty in B-field evaluation is about 10% at large value of radius (outer positions), 
where the estimated value is maximum, whereas it is quite inaccurate at innermost area of 
the NSW where B-field is only a few hundred Gauss. This allows us to conclude that the 
B-field will be in any case less than the 1 T value used as maximum value for the present 
test. 
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ii) It is important to highlight that the efficiency evaluated during the test (83 – 85 % @2.2 A) 
is above the typical value given by the manufacturer (about 82% @2.2 A) reported in 
Figure 25. This point needs to be further investigated even taking into account the type of 
instruments used, with particular attention to their uncertainty. However, the efficiency has 
been calculated using the nominal value of the load (1.5 ). If the wire resistance and the 
thermal effects on both the load resistor and the wires are considered, a value compatible 
with the datasheet can be obtained (considering the cable resistance at room temperature 
equal to 50 m, as experimentally measured, the efficiency is about 0.82). Figure 25 
depicts the typical chart of efficiency as given by the manufacturer (figure has been taken 
by the cited datasheet [25]). 
iii)We are interested in evaluating if the device can operate reliably in a hostile environment. 
Thus, the key indexes are the functionality, simply as ON/OFF answer, and the efficiency 
as ancillary, even important, features.   
iv) In Figure 26 the hysteresis of the efficiency is reported. It is evident that hysteresis is not 
significant. The small differences that can glimpse between the curve for increasing 
magnetic field and the curve for decreasing magnetic field are not significant because they 
are of the same order of magnitude as the resolution of the measuring system adopted for 
the tests. This means that: a) the device works properly with both increasing and 
decreasing values of the B-field; b) temporary and permanent damages are not present up 
to the experimentally tested B-field values. 
 
Figure 25 – Typical efficiencies (from LT [25]). 
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Figure 26 – Measured hysteresis with B-field perpendicular for evaluation board 2. Similar experimental 
results have been obtained with different B-field orientation. 
 
v) Another consideration concerning the reliability of the considered device can be done [6], 
[7]. The device is equipped with an output signal referred as PGOOD. This signal can be 
conveniently used to improve the reliability and, most important, the diagnostics of the 
system in which the device operates [6], [29], [30] - [35].  The continuous monitoring of 
the signal is therefore of paramount importance. However, the operation of this signal has 
not been experimentally investigated in this paper. As previous discussed, we are interested 
at this point in checking the functionality of the device in terms of Boolean output: 
fails/not fails. However, the function given by the manufacturer is very interesting and 
useful in many situations and applications. This function can be used for monitoring 
purposes, in case the Condition Based Maintenance (CBM) is in operation. It should be 
noted that a CBM program can be very interesting in this and in other situations. In fact, in 
order to take into account the necessity of a maintenance activity, two main strategies can 
be used. In the first type of approach we have the so-called maintenance based on the time, 
where the maintenance is planned once a year, for example, or we can take into account the 
operation (e.g. the case of automobiles, where the maintenance is planned taking into 
account both km and time). This way to proceed is not able to get the best performance due 
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to the fact that the maintenance operation is performed without taking into account the 
actual situation of the considered system. Different approach is the maintenance based on a 
well-defined (prior-defined) condition. Here, a monitoring activity is obviously necessary. 
The signal Pgood can be used at this aim [36]. This approach has been proposed, for 
example, in [30], [37] - [42]. Consideration about the CBM approach to the maintenance 
can be found also in [30] and [36] - [42]. 
vi) Output behavior in terms of noise is also an interesting key point. Concerning the device 
under test, it is possible to see that the ripple tends to increase along with the magnetic 
field. The peak-to-peak value of the measured ripple is of about 1.5%, worst case. For 
example, in the configuration discussed in Section IV.a the ripple tends to increase 
approximately linearly from 2500 Gauss up, while below this value the ripple is 
appreciably similar to the one present in the absence of magnetic field. 
vii) Two further plots can be useful in order to highlight the general behavior of the 
devices under test. The following figures reports the way of operation in every tested cases 
for input current (Figure 27) and for efficiency (Figure 28). In these two figures, y-axis are 
expanded and in both cases, the initial value is different from zero, putting in evidence the 
variations. 
viii) Can be useful to underline that the device here evaluated when operating under 
magnetic field, together with others, was also extensively tested under photon, neutron and 
proton radiation. Results are described in [43], [44]. 
 
 
 
Figure 27 – LTM 8033 - Input current vs B field (for all tested configurations). 
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Figure 28 – LTM 8033 - Efficiency vs B field (for all tested configurations). 
 
 
VII. Conclusions 
In this paper the operation of a commercial DC-DC converter in high B-field has been 
experimentally evaluated and discussed. After a brief overview about the environment meet in 
physics experiments and the mandatory specification for devices operation in harsh 
environment, the experimental activity has been described. In particular, the tested device has 
been experimentally stressed at high B field up to about 1 Tesla. The experimental setup used 
for measurements  has been described and discussed. The obtained experimental values are 
completely reported and a deeply discussion has been also given. 
Finally, the obtained results allow affirming that, in the specified test conditions, the tested 
devices work properly up to B-fields, applied in the three directions, of the order of 1 T. 
The only evidence of the increasing applied B-field can be seen through a decrease in the 
efficiency that, however, is still considered tolerable in many applications. Same 
considerations can be applied to the output ripple. 
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